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Abstract: Objective: To investigate the value of ultrasound in the diagnosis of rheumatoid arthritis (RA), and to
provide objective data for the early diagnosis and treatment of rheumatoid arthritis. Method: 64 cases of patients
with rheumatoid arthritis, 30 cases of normal control group, were examined by color Doppler ultra-diagnostic
instrument, probe frequency 7.5 ~ 15.0MHz The value and application of ultrasound in patients with RA were
observed and compared with the normal group. Results: 64 cases of RA patients with knee joint ultrasound images
can show clearly the five kinds of pathological changes; 1 knee joint synovial membrane thickening, 2 bursa
effusion, 3 sheath thickening, 4.CDFI grade increased 5. Five kinds of pathological changes of bone destruction with
the healthy control group were statistically significant (P<0.05, respectively); According to the pathological changes
of the knee joint ultrasound images and the corresponding clinical manifestations of the knee, can be more clearly
the RA induced knee lesions were divided into mild (I degrees), moderate (II degrees) and severe (III degrees). And
also according to the pathological changes of the knee joint ultrasound images, the severity of the pathological
changes of RA patients was found to be independent of the age of the patients, and there was a significant
correlation with the history of the patients, and the correlation coefficient was close to 1. Conclusion: 1）The
routine assistant diagnosis in RA with X-ray would be replaced with ultrasound； 2）the correlation between the
five pathological changes and pathological changes of the knee joint in patients with ultrasound RA and the length
of history, and according to the clinical manifestations of RA patients with ultrasound images of the knee joint and
the corresponding knee, the pathological changes of knee joint were divided into mild grade（I degree）, moderate
grade (II degree) and severe grade (III degree), in order to clear and convenient for RA clinical diagnosis, treatment
and research. 3) To define the change of the knee joint of RA patients with 1-16 and the characteristics of the
positive correlation with the history of RA. At the same time, it also suggested that there is no obvious clinical effect
on RA in the diagnosis and treatment, to strengthen the pathogenesis, diagnosis and treatment of RA is still the goal
and direction of the efforts of governments and medical science and technology personnel all over the world.
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decades, MRI and CT have focused on the detection of
bone lesions and tissue solid lesions. Therefore, it is
necessary to choose a suitable machine for the
diagnosis of RA induced joint soft tissue lesions [6-12].
In recent years, it is a new attempt to use ultrasound in
the diagnosis of joint disease [13-15] ；This study is
based on the analysis of 64 cases of RA patients with a
comprehensive system of ultrasonic images, objective
to investigate the value of ultrasound in the diagnosis of
rheumatoid arthritis, and to provide objective data for
the early diagnosis and treatment of rheumatoid
arthritis.

1．Introduction：
Rheumatoid arthritis (RA) is an autoimmune
disease of chronic systemic inflammation, which is the
main target of the synovial membrane, and its damage
to the whole body, especially the damage to the knee
joint, still cannot make the early diagnosis and
treatment [1-5]. For nearly a century, the discovery and
application of X-Ray in the early diagnosis of RN
induced bone and joint damage has improved, but only
in the joint bone damage, X-ray is possible to diagnose
the disease of the bone joint。However, RA, as an
autoimmune disease, is an unknown cause of immune
response to repeated attacks lead to soft tissue lesions
around the joint, X-ray, as well as in the past few
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of synovial capsule, synovial membrane, tendon,
ligament and bone continuity. The prone position, knee
extension: the use of ultrasound in superficial probe.
Longitudinal
section
and
transverse
section
perpendicular to the three section of the examination of
paint, observation of joint and joint subsidiary structure.
Measurement in mm as a unit; The MDFI grading of
blood flow signal was used as the criterion for the
pathological changes of the inflammatory congestion [4].
According to the literature [16-20], five kinds of
pathological changes of ultrasonic images of the knee
joint were observed and recorded: 1 synovial membrane
thickening, 2 bursa fluid effusion, 3 tendon sheath
thickening, 4. CDFI grade, 5 bone destruction. And the
pathological changes of the five kinds of ultrasonic
images of the lacquer joint were analyzed statistically,
as a result of the study [21-27].

2. Material and Methods：
2.1. Instruments: using the ultrasound diagnostic
apparatus, the probe frequency is 7.5 ~ 15.0MHz.
2.2. Object of study: 64 cases of rheumatoid arthritis
were selected from October 2014 to October 2015 in
the 2nd affiliated hospital of Zhengzhou University,
Henan State, China. Among them, 25 males and 39
females, aged from 25 to 48 years old, average (37.6 +
4.2) years old, the course of disease was 1 to 16 years,
average (8.57 + 4.45) years）Table-1 ） . Normal
control group of 30 volunteers, no abnormalities and
joint pain history, RA family history, before the
examination were inspected by consent, there were 12
males and 18 females, aged 27-64 years old.
2.3. Method: Record statistical course of disease,
clinical symptoms of joint pain and function is normal
for the standard; Ultrasound of knee joint with supine
or sitting, knee flexion 30-60, multi section observation

Table 1. 64 RA Patients and 30 Normal Control Information
Group*
M
F
Mean Age
Average of Illness History
Ultrasonic Detecting Position
64 RA
25
39
37.60±4.20
8.57±4.45
Knees Joints
30 NC
12
18
46.43±11.3
0.00
RA- rheumatoid arthritis group, NC-Normal Control
group.
2.4. Statistical analysis of all data uses SPSS 21.0.
cases of RA patients, 3) tendon sheath thickening in
Using SPSS11.0 statistical software, data using mean
29 cases, accounting for 64 of 45.31% RA patients, 4)
bone destruction in 4 cases, accounting for 23.4464
standard deviation (X±S), percentage (%) and
cases of RA patients,(5) CDFI in 50 cases, accounting
correlation coefficient representation and analysis
for 76.92% in 64 patients with RA; 64 cases of RA
Comparison between groups was analyzed by one-way
patients with knee arthritis in ultrasound images of the
analysis of variance or t test and chi-square test， P
incidence of five kinds of pathological changes
values of less than 0.05 were considered statistically
compared with the normal control group, all showed
significant [28-32]．
significant statistical significance, respectively,
P<0.01, P<0.05, P<0.01, P<0.01, P<0.01 (Figure -3).
3. Result:
3.2. Comparison of the correlation between
3.1. Ultrasound image diagnosis of RA patients with
pathological changes and clinical symptoms in
pathological changes of knee joint，and the incidence
patients with RA：
of five kinds of pathological changes in the ultrasound
3.2.1. The pathological change trend of knee joint was
images of 64 cases of RA patients with knee arthritis;
consistent with the severity of clinical symptoms in
The diagnosis of pathological changes of the
patients with RA ；
knee joint in RA patients is shown in figure 1, 2. The
According to the pathological features and the
incidence of five kinds of pathological changes in 64
function
of the knee joint in 56/64 patients with RA,
cases of RA patients with knee arthritis were
the
groups
were divided into three groups；Group A
respectively(Table-2); 1) the synovial membrane
is
8
case
with
the Normal function of knee joint;
thickness of the knee joint in 64 cases, accounting for
87.50% of the 56 cases of RA patients, 2) 50 cases of
synovial fluid effusion, accounting for 75% of the 64
Table 2. Incidence rate of five kinds of pathological
changes in 64 cases of RA with knee osteoarthritis
Ultrasound
Synovial
Membrane Bursa
Fluid Tendon
Sheath
Examination
Thickness
Effusion
Thickness
64 RA
56/64
50/64
29/64
87.50
78.13
45.31
Percent（%）
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Destruction
Bone
15/64
23.44

CDFI
50/64
78.13
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Figure 1. RA patients with different knee joint
ultrasound images B: For the PW image of the Knee
joint thickening synovial, the spectrum of the low
velocity and low resistance blood Flow signal can be
detected as VP: 11cm/s, RI: 0.52.

Figure 1. RA patients with different knee joint
ultrasound images A: Knee joint for longitudinal
sonogram. The white triangle in the figure refers to
the non echo area for the bursa Fluid effusion, the
white arrow refers to the shape of the low echo of the
thickening of the synovial membrane, CDFI showed
that the distribution area of the blood flow signal was
1/2 of the thickened synovial zone, and CDFI was 2.

Group B is 27 cases of knee joint; And Group C
is 21 cases of abnormal knee function group(Table-3).
The Comparison of A, B, C three groups of
ultrasound images of pathological changes can be
clearly seen; (1) there is no difference in the average
age of the three groups of RA patients; The group C
with 12.47 years of mean RA illness history is higher
than the group A with 4.50 years of mean RA illness
history， C and A group compared to the obvious
statistical difference (P<0.01) (table-3).

Table3. 56 RA knee synovial thickening and CDFI Grading with increased patient history and increased correlation
Mean Age Mean
Illness Mean Thickness of Synovial Mean
CDFI
Group# Case
(year)
History
Membrane
Classification
A
8
34.63±5.85 4.5±2.45
1.42±0.64
0.38±0.74
B
27
37.37±7.57 6.74±3.87
2.90±0.55
1.81±0.48
C
21
36.76±6.4
12.47±2.40*
4.05±0.36*
2.90±0.30*
#Group A-Norma Knees Function; Group B- Knee
*Group C was compared with Group A，P <0.05
Joint Pain; Group C - Knee Joint Dysfunction.
respectively.
3.2.2. The comparison between the knee joint
function and Synovial Membrane Thickness and
CDFI grading in patients with RA [28-32].
Comparison on the A, B, C three groups of RA
patients with knee function changes and ultrasound
images of the thickness of synovial thickening: the
function of the knee joint function normal (A) group
synovial thickness is less than 1.5 mm，knee pint
pain (B) group of synovial thickening thickness
greater than 1.5 mm less than 3 mm，the thickness of
the synovial thickening in the knee joint function (C)
group was greater than 3 mm, group C compared

with group B and group A were statistically different
(P<0.05,P< 0.01 respectively) (Figure 4);
A, B, C three groups of RA patients with knee
function and ultrasound images CDFI classification
of the degree of comparison: the knee function of the
normal (A) group CDFI grading is less than 1, knee
joint pain (B) group CDFI grade is greater than 1 and
less than 2; CDFI grading of knee joint dysfunction
(C) group was greater than 2 and less than 3, and
Group C compared with group B and group A were
statistically different (P<0.05,P< 0.01 respectively)
(Figure 4);
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3.2.3. Ultrasound images showed that the thickness of
synovial thickening and the degree of CDFI were
increased with the illness history of RA patients,
which showed a significant positive correlation [3335]
With the extension of RA's history，ultrasound
image on knee joint showed; The severity of the
symptoms of the three groups (from A to B to C
group) was significantly correlated with the degree of
the corresponding ultrasonic synovial thickness and
the degree of CDFI classification, and showed a

significant correlation with the trend histogram
(Figure 5). At the same time, by comparing the
correlation can be seen，The synovial membrane
thickness and CDFI grading increasing were not
correlation with the age of the patients with RA
(Figure 6). However, the thickness of the synovial
thickening and the degree of CDFI classification were
a significant correlation to be compared with the
illness history of the patients with RA, the correlation
coefficient is close to 1 (r=0.956, r=0.935) (Figure 6).

4 Discussion:
4.1. The Value of clinical application of
ultrasonography in the diagnosis and treatment of
RA; the past century, the main auxiliary equipment
used for the examination of human bone diseases is
x-ray[1], however, X-ray cannot make an early
diagnosis in treatment of RA, because the X-ray is
through the application of 0.01-1 (Å), the short
wavelength penetrating effect of invisible light,
visible light and solid design principle, for human
bone lesions or soft tissue hardening inspection of
medical equipment. RA, however, is a chronic
systemic inflammatory autoimmune disease, which is
the main target of the synovial membrane, in the
absence of bone erosion and destruction before, is to
synovial cell hyperplasia, inflammatory cell

infiltration, synovial Yi formation, pathological
changes of [6] recurrent joint inflammation of soft
tissue, thus, when X-ray was found, more than the
knee joint bone injury, and the rapid development of
functional abnormalities [2]. In recent years, because
there is no equipment to make an early diagnosis on
the soft tissue pathological changes in the earl of RA,
the diagnosis, treatment, and research of the knee
joint caused by RA is in a state of cessation. The
research and development of ultrasound examination
in the pathological changes of soft tissue in the last
twenty years, it has made a new progress in the
detection of recurrent arthritis of the knee joint
caused by RA. The pathological changes of 64 cases
of RA in 56 patients with RA were showed the
characteristic of five kinds of pathologic features
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of RA in the ultrasound images of the knee joint, and
the correlation coefficient was close to 1， but there
was no correlation with age (R<0.2 Figure 5). These
findings suggest that the thickness of the synovial
thickening and the degree of CDFI classification in
the ultrasound images of the knee can be used with
clinical，as one of the objective evaluation indexes
of RA diagnosis, treatment and research, it will
certainly be helpful for the rapid development of
RA's research, diagnosis and treatment
4.4. At present, the diagnosis and treatment of
RA are in a stop condition, prompting governments
and medical science and technology personnel should
pay attention to the research of RA diagnosis and
treatment [43-45];
Clinical practice has proved that [10], all RA
patients are in a different diagnosis and treatment, but
due to the limitations of the development of medical
technology, there is no effective treatment of drugs
and measures [11. In this study, the results of
ultrasound images of the knee joint in RA patients
with 56/64 are consistent with the research reports.
Therefore, it is suggested that governments and
medical technicians should pay attention to the
research of RA in the diagnosis and treatment of [4653].

(Figure 1,2,3); 1（synovial membrane thickening,
2（ bursa Fluid effusion, 3（tendon sheath
thickening, 4（bone destruction, 5（CDFI grading.
Five kinds of pathological features of the ultrasonic
image of the lacquer joint, that can be used as the
diagnosis and treatment of RA knee joint pathological
changes standard. In addition, RA is an autoimmune
disease of chronic systemic inflammation, The
pathological changes of the knee joint are mainly
caused by repeated inflammation, which leads to the
chronic inflammation of the soft tissue, Therefore,
ultrasound can be used instead of X-ray as a clinical
assistant diagnosis of RA patients with RA, in order
to facilitate the treatment and research progress [3640].
4.2. Named "RA knee joint ultrasound three degree
grading standard", convenient for clinical RA
diagnosis, treatment and research；
The research results showed that according to
the ultrasound image in knee joint synovial
thickening and thickness of CDFI grade, RA can be
divided into objective the mild (I), moderate (II),
severe (III) diagnostic criteria as the three grading; At
present，there is not any report on the diagnostic
criteria for RA knee joint images as a diagnostic
criterion for clinical diagnosis of RA[41,42]， this
result would be named "RA knee ultrasound three
degree grading standard", that is convenient for
clinical RA diagnosis, treatment and Research
(Figure 3,4). "RA knee joint ultrasound three degree
classification" specific content is below;
I Degree ( mild （synovial thickening: when the
thickness is less than 1.5 mm, or / and CDFI score
less than 1, corresponding to the clinical
manifestation of knee joint function in patients with
normal or occasionally slight discomfort；
II degree (moderate): when the synovial
thickness is greater than 1.5 mm less than 3 mm, or /
and CDFI grading is greater than 1, less than 2, the
corresponding clinical table is patients with knee pain
or severe discomfort clinical manifestations;
III degree (severe): when the synovial thickness
greater than 3 mm or / and CDFI grading is greater
than 2, less than 3, the corresponding clinical table is
the patient can appear different degree of knee joint
dysfunction or severe pain affect quality of life.
4.3. The clinical value and application of the changes
of ultrasound images of the knee joint in RA patients
and the positive correlation with RA;
The study of 1-16 patients with RA history of
the knee joint ultrasound image changes show,
regardless of whether the patient had received any
treatment，there was a significant positive
correlation between the thickness of synovial
thickening and the degree of CDFI and the incidence

5. Conclusion:
5.1. Ultrasound can be clearly diagnosed RA patients
with different stages of the pathological changes of
the knee may be recommended to confirm the clinical
trial, with ultrasound in place of X-ray as a diagnostic
and treatment of RA patients with diagnostic criteria
for the diagnosis and treatment.
5.2. Five kinds of pathological features of RA knee
joint ultrasound examination were made clear. 1)
synovial membrane thickening, 2) bursa Fluid
effusion, 3) tendon sheath thickening, 4) bone
destruction, 5) CDFI grading. Can be recommended
for clinical trials confirmed that the five kinds of
pathological features as the RA clinical diagnostic
criteria and the evaluation of therapeutic effects.
5.3. According to the results of the study, named "RA
knee joint ultrasound three degree grading standard",
convenient for clinical RA diagnosis, treatment and
research.
5.4. The pathological changes of the ultrasound
images of the knee joint in RA patients were
significantly correlated with the history of the
disease, and there was no correlation with the age.
5.5. 1-16 year history of RA patients with ultrasound
image changes in the knee and the history of RA into
a positive correlation of the characteristics of the
changes; that point out, at present, there is no obvious
clinical effect on the treatment of RA, to strengthen
the pathogenesis, diagnosis and treatment of RA is
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still the goal and direction of national governments
and medical science and technology personnel in the
century.

8.

Corresponding Author:
Jian-jun Yuan, MD
Department of Ultrasound, People’s Hospital of
Zhengzhou University, Henan Provincial People’s
Hospital, Zhengzhou, Henan 450003, China
Email: 13838008784@163.com
Tel. 011-86-138-3800-8784

9.

10.

Huaijie Zhu, MD.
Central Laboratory, the 2nd Affiliated Hospital of
Zhengzhou University, 2 Jingba Road, Zhengzhou,
Henan 450014, China
Email: jacksun689@gmail.com
Tel. 011-86-150-3711-5732.

11.

Reference:
1. Szentpetery A, Heffernan E, Haroon M1,
Kilbane M, Gallagher P, McKenna MJ, Fitz
Gerald O: Striking difference of periarticular
bone density change in early psoriatic arthritis
and rheumatoid arthritis following antirheumatic treatment as measured by digital Xray radiogrammetry, Rheumatology (Oxford).
2016 May; 55(5):891-6.
2. Li Q1, Amano K2, Link TM3, Ma CB4:
Advanced Imaging in Osteoarthritis, Sports
Health. 2016 Sep; 8 (5):418-28.
3.
Saba, T. Rehman, A. Altameem, A. Uddin, M.
(2014) Annotated comparisons of proposed
preprocessing techniques for script recognition,
Neural Computing and Applications Vol. 25(6),
pp. 1337-1347 , doi. 10.1007/s00521-014-16189
4. Rehman, A., and Saba, T. (2013) An intelligent
model for visual scene analysis and compression,
International Arab Journal of Information
Technology, vol.10(13), pp. 126-136.
5. Meethongjan,K.
Dzulkifli,M.
Rehman,A.
Altameem,A. Saba, T. (2013) An intelligent
fused approach for face recognition, Journal of
Intelligent Systems vol.22(2), pp. 197-212.
6. Haron, H. Rehman, A., Wulandhari, L.A., Saba,
T. (2011) Improved vertex chain code based
mapping algorithm for curve length estimation,
Journal of Computer Science vol. 7(5), pp. 736743.
7. Lung, JWJ., Salam, MSH, Rehman, A., Rahim,
MSM., Saba, T. (2014) Fuzzy phoneme
classification using multi-speaker vocal tract
length normalization, IETE Technical Review,
vol.
31
(2),
pp.
128-136,
doi.
10.1080/02564602.2014.892669

12.

13.

14.

15.

16.

17.

105

Kane D ， Grasi W, Sturrock R et al.
musculoskeletal ultrasound: a state of the art
review in rheumatology. Part 2: clinical
indications for musculoskeletal ultrasound in
rheumatology [J]. Rheumatology (oxford ） ,
2004, 43:829-838.
Zhan J1, Diao XH2, Jin JM3, Chen L4, Chen
Y ： Superb Microvascular Imaging-A new
vascular detecting ultrasonographic technique
for avascular breast masses: A preliminary stud，
Eur J Radiol. 2016 May; 85 (5):915-21.
Oo WM, Bo MT：Role of Ultrasonography in
Knee Osteoarthritis， J Clin Rheumatol. 2016
Sep; 22(6):324-9.
Selamat, A. Phetchanchai, C. Saba, T. Rehman,
A. (2010). Index financial time series based on
zigzag-perceptually important points, Journal of
Computer Science, vol. 6(12), pp. 1389-1395,
doi. 10.3844/jcssp.2010.1389.1395.
Ahmad, AM., Sulong, G., Rehman, A.,
Alkawaz,MH., Saba, T. (2014) Data Hiding
Based on Improved Exploiting Modification
Direction Method and Huffman Coding, Journal
of Intelligent Systems, vol. 23 (4), pp. 451-459,
doi. 10.1515/jisys-2014-0007.
Harouni, M., Rahim, MSM., Al-Rodhaan,M.,
Saba, T., Rehman, A., Al-Dhelaan, A. (2014)
Online Persian/Arabic script classification
without contextual information, The Imaging
Science Journal, vol. 62(8), pp. 437-448, doi.
10.1179/1743131X14Y.0000000083.
Younus, Z.S. Mohamad, D. Saba, T. Alkawaz,
M.H. Rehman, A. Al-Rodhaan, M. Al-Dhelaan,
A. (2015) Content-based image retrieval using
PSO and k-means clustering algorithm, Arabian
Journal of Geosciences, vol. 8(8), pp. 62116224, doi. 10.1007/s12517-014-1584-7.
Rehman, A. Kurniawan, F. Saba, T. (2011) An
automatic approach for line detection and
removal without smash-up characters, The
Imaging Science Journal, vol. 59(3), pp. 177182,
doi.
10.1179/136821910X12863758415649
Saba, T. Rehman, A. Sulong, G. (2010). Nonlinear segmentation of touched roman characters
based on genetic algorithm, International
Journal of Computer Science and Engineering,
vol 2(6),pp. 2167-2172.
Al-Ameen, Z. Sulong, G. Rehman, A., AlDhelaan, A. Saba, T., Al-Rodhaan, M. (2015)
An innovative technique for contrast
enhancement of computed tomography images
using normalized gamma-corrected contrastlimited adaptive histogram equalization,

Life Science Journal 2016; 13(8)

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

http://www.lifesciencesite.com

EURASIP Journal on Advances in Signal
Processing:32. doi:10.1186/s13634-015-0214-1.
Alqahtani, F.A. Saba, T. (2013) Impact of Social
Networks on Customer Relation Management
(CRM) in Prospectus of Business Environment,
Journal of American Sciences, vol. 9(7), pp.480486.
Matsushita I1, Motomura H1, Seki E1, Kimura
T1: Radiographic changes and factors
associated with subsequent progression of
damage in weight-bearing joints of patients with
rheumatoid arthritis under TNF-blocking
therapies. -Three-year observational study ，
Mod Rheumatol. 2016，2:1-21.
Lagha A, Messadi A, Boussaidi S, Kochbati S,
Tazeghdenti A, Ghazouani E, Almawi WY,
Yacoubi-Loueslati B.: HLA DRB1/DQB1
alleles and DRB1-DQB1 haplotypes and the risk
of rheumatoid arthritis in Tunisians: a
population-based case-control study ， HLA.
2016 Sept.88 (3):100-9.
McEvoy T.: Minocycline: Rheumatoid Arthritis,
Hosp Pharm. 2016 Jul; 51(7):535-8.
Bekhti,S., Rehman, A., Al-Harbi, M., Saba, T.
(2011) AQUASYS: An Arabic questionanswering system based on extensive question
analysis and answer relevance scoring,
International Journal of Academic Research,
vol.3(4), pp.45-51
Saba, T. Rehman, A. Sulong, G. (2011) Cursive
script segmentation with neural confidence,
International Journal of Innovative Computing
and Information Control (IJICIC), vol. 7(7), pp.
1-10.
Saba, T. Rehman, A. Elarbi-Boudihir, M. (2014).
Methods and Strategies on Off-Line Cursive
Touched
Characters
Segmentation:
A
Directional Review, Artificial Intelligence
Review vol. 42 (4), pp. 1047-1066. doi
10.1007/s10462-011-9271-5
Muhsin; Z.F. Rehman, A.; Altameem, A.; Saba,
A.; Uddin, M. (2014). Improved quadtree image
segmentation approach to region information.
the imaging science journal, vol. 62(1), pp. 5662,
doi.
http://dx.doi.org/10.1179/1743131X13Y.000000
0063.
Rehman, A. and Saba, T. (2011). Document
skew estimation and correction: analysis of
techniques, common problems and possible
solutions Applied Artificial Intelligence, vol.
25(9),
pp.
769-787.
doi.
10.1080/08839514.2011.607009
Rehman,A., Saba, T. (2011)Performance analysis
of character segmentation approach for cursive

script recognition on benchmark database,
Digital Signal Processing, vol. 21(3),pp. 486490, doi.10.1016/j.dsp.2011.01.016.
28. Saba,T., and Altameem, A. (2013) Analysis of
vision based systems to detect real time goal
events in soccer videos, Applied Artificial
Intelligence, vol.27(7), pp. 656-667.
29. Haron, H. Rehman, A. Adi, DIS, Lim, S.P. and
Saba, T.(2012). Parameterization method on BSpline curve. mathematical problems in
engineering,
vol.
2012,
doi:10.1155/2012/640472.
30. Norouzi, A. Rahim, MSM, Altameem, A. Saba,
T. Rada, A.E. Rehman, A. and Uddin, M. (2014)
Medical
image
segmentation
methods,
algorithms, and applications IETE Technical
Review, vol.31(3), pp. 199-213, doi.
10.1080/02564602.2014.906861.
31. Saba T, Al-Zahrani S, Rehman A. (2012) Expert
system for offline clinical guidelines and
treatment Life Sci Journal, vol.9(4), pp. 26392658.
32. Nakajima A: Cardiovascular diseases in
rheumatoid arthritis, Nihon Rinsho. 2016 Jun;
74(6):1012-6.
33. Shafry, MSM., Rehman, A. Kumoi, R. Abdullah,
N. Saba, T. (2012) FiLeDI framework for
measuring fish length from digital images,
International Journal of Physical Sciences,
vol.7(4), pp.607-618.
34. Sulong, G., Rehman, A., Saba, T. (2010)
Improved offline connected script recognition
based on hybrid strategy, International Journal
of Engineering Science and Technology,
vol.2(6),pp. 1603-1611.
35. Rad, A.E. Rahim,M.S.M, Rehman, A. Altameem,
A. Saba, T. (2013) Evaluation of current dental
radiographs segmentation approaches in
computer-aided applications IETE Technical
Review, vol. 30(3), pp. 210-222
36. Joudaki, S. Mohamad, D. Saba, T. Rehman, A.
Al-Rodhaan, M. Al-Dhelaan, A. (2014) Visionbased sign language classification: a directional
Review, IETE Technical Review, vol.31(5),
pp.
383-391,
doi.
10.1080/02564602.2014.961576.
37. Elarbi-Boudihir,M. Rehman, A. Saba, T. (2011)
Video motion perception using optimized Gabor
filter, International journal of physical sciences,
vol.6(12),pp. 2799-2806.
38. Harouni, M., Rahim,MSM., Al-Rodhaan,M.,
Saba, T., Rehman, A., Al-Dhelaan, A. (2014)
Online Persian/Arabic script classification
without contextual information, The Imaging
Science Journal, vol. 62(8), pp. 437-448, doi.
10.1179/1743131X14Y.0000000083

106

Life Science Journal 2016; 13(8)

http://www.lifesciencesite.com

39. Rehman, A., and Saba, T. (2013) An intelligent
model for visual scene analysis and
compression, International Arab Journal of
Information Technology, vol.10(13), pp. 126136
40. Saba,T. Almazyad, A.S., Rehman, A. (2015)
Language independent rule based classification
of printed & handwritten text,
IEEE
International Conference on Evolving and
Adaptive Intelligent Systems (EAIS), pp. 1-4,
doi. 10.1109/EAIS.2015.7368806
41. Rad, A.E., Rahim, M.S.M, Rehman, A. Saba, T.
(2016) Digital dental X-ray database for caries
screening, 3D Research, vol. 7(2), pp. 1-5, doi.
10.1007/s13319-016-0096-5
42. Basori, AH., Alkawaz, MH., Saba, T. Rehman,
A. (2016) An overview of interactive wet cloth
simulation in virtual reality and serious games,
Computer Methods in Biomechanics and
Biomedical
Engineering:
Imaging
&
Visualization,
doi.
10.1080/21681163.2016.1178600
43. Jadooki, S. Mohamad,D., Saba, T., Almazyad,
A.S. Rehman, A. (2016) Fused features mining
for depth-based hand gesture recognition to
classify blind human communication, Neural
Computing and Applications, pp. 1-10, doi.
10.1007/s00521-016-2244-5
44. Fadhil, MS. Alkawaz, MH., Rehman, A., Saba,
T. (2016) Writers identification based on
multiple windows features mining, 3D
Research,
vol.
7
(1),
pp.
1-6,
doi.10.1007/s13319-016-0087-6
45. Waheed, SR., Alkawaz, MH., Rehman, A.,
Almazyad,AS., Saba, T. (2016). Multifocus
watermarking approach based on discrete cosine
transform, Microscopy Research and Technique,
vol.
79
(5),
pp.
431-437,
doi.
10.1002/jemt.22646.
46. Alkawaz, M.H., Sulong, G., Saba, T. Rehman, A
(2016). Detection of copy-move image forgery
based on discrete cosine transform, Neural
Computing
and
Application.
doi:10.1007/s00521-016-2663-3
47. Saba, T. Rehman, A. Al-Dhelaand, A. and AlRodhaand, M. (2014). Evaluation of current
documents image denoising techniques: a
comparative study, Vol. 28(9), pp. 879-887, doi.
10.1080/08839514.2014.954344
48. Selamat, A. Phetchanchai, C. Saba, T. Rehman,
A. (2010). Index financial time series based on
zigzag-perceptually important points, Journal of
Computer Science, vol. 6(12), 1389-1395, doi.
10.3844/jcssp.2010.1389.1395

49. Rehman, A. D. Mohammad, G Sulong, T Saba
(2009). Simple and effective techniques for
core-region detection and slant correction in
offline script recognition Proceedings of IEEE
International Conference on Signal and Image
Processing Applications (ICSIPA’09), pp. 1520.
50. A. Rehman and T. Saba (2011). “Document skew
estimation and correction: analysis of
techniques, common problems and possible
solutions” Applied Artificial Intelligence, Vol.
25(9),
pp.
769-787.
doi.
10.1080/08839514.2011.607009
51. Haron, H. Rehman, A. Adi, DIS, Lim, S.P. and
Saba, T.(2012). Parameterization method on BSpline curve. mathematical problems in
engineering,
vol.
2012,
doi:10.1155/2012/640472.
52. Rehman, A. and Saba, T. (2012). “Off-line
cursive script recognition: current advances,
comparisons
and
remaining
problems”.
Artificial Intelligence Review, vol. 37(4),
pp.261-268. doi. 10.1007/s10462-011-9229-7.
53. Saba, T. Rehman, A. and Gulong. S. (2011)
“Improved statistical features for cursive
character recognition” International Journal of
Innovative Computing, Information and Control
(IJICIC) vol. 7(9), pp. 5211-5224

8/25/2016

107

